Abstract-The paper provides a literature review of Big Data Application (BDA) in Sustainable Manufacturing (SM) as focus of supply chain management. First of all, the concept of Big Data (BD) is explained followed by focusing on the dimensions and the potential of BD. It discusses the principle of SM, which is identified by literature as world-class sustainable manufacturing (WCSM). The literature review critically indicates differences and similarities between literatures in the research area to generate an entire understanding of the topic. Proper literature is provided to investigate the following aspects: utilization of BDA in manufacturing, BDA in manufacturing processes, principle of servitisiation, logistics and supplier integration, decision making processes and forecasting and finally sustainable aspects. Resulting research gaps are summarized and clustered to identify common gaps. Finally, the conclusion outlines cognitions provided by this literature review. The aim of this paper is to provide a literature review about BDA in SM as part of supply chain management to provide a general understanding of the topic and to identify common research gaps for further research projects. For achieving the aim some objectives have to be fulfilled. The concept of BD has to be explained first, before outlining the importance and the advantages of BDA. The meaning of SM is explained afterwards. A critical analysis of literature that combines both aspects leads to the understanding of BDA in Sustainable Manufacturing.
INTRODUCTION
Big Data (BD) became one of the most investigated research topics in the past years and highly increased the attention of practitioners. The development of technology and especially the improvements in IT enables information sharing between different participants in a network. A supply chain network within a business sector could be such a network. The supply chain network consists of several partners who need to exchange information whether it is internal within a company or whether there are external information flows between business partners to increase profitability, efficiency and productivity [1] . This literature review concerns Big Data Applications (BDA) in Sustainable Manufacturing (SM) as part of supply chain management. It is not possible to consider BDA in all stages of a supply chain in depth at the same time. Therefore, the focus is set to a manufacturer point of view in a supply chain. Firstly, the concept of Big Data (BD) is explored based on the key dimensions and the advantages of the big data applications (BDA). The authors also aim to present the principles of sustainable manufacturing identified within literature as world-class manufacturing (WCM) and world class sustainable manufacturing (WCSM). The paper further discusses sustainability outlined within manufacturing as part of supply chain network. Finally, the paper focuses towards the key literature within the research area to provide different approaches of BDA in SM and to generate further understanding of this topic.
II. LITERATURE REVIEW
The literature study of the paper focuses towards three important concepts within the area of big data and big data applications, the concepts of Big Data and Supply Chain management; big data applications in manufacturing and that of sustainable manufacturing. It identifies areas for further research based upon best practices in the current market. It will ultimately form the basis for the establishment of a proposed framework of considerations for leaders within manufacturing environments to enable them the best technological advancements to be adopted within their environments in future. The purpose of the paper is to explore and evaluate the current world literature in order to extract knowledge and make an appropriate foundation towards continuing the later stages of the study. Various angles of the topic would be considered through different attitudes of the international authors to gain a thorough understanding of the opportunities, strengths, weaknesses and hurdles within the proposed phenomenon. Different studies will be analysed through a critical discussion and hence, contributing to the literature knowledge by developing more insights into different dimensions and key elements of the study.
A. Big Data Applications (BDA)
The concept of BD is considered as a technology concept, which is based on globalization, vast developments in virtual communications and cross-linked devices or processes. BDA are tools or methods, which cover the concept of big data. Big data analytics describes basically a process to evaluate and synthesize data sets, which has been called 'data mining' in historical context, and to convert it to more meaningful information like knowledge or competitive advantages for the benefits of the company. Hence, big data discuss applying the principle of BD to a specific business area. BDA is needed to handle the high amounts of data in its different dimensions. Data is created mainly by social media, mobile devices, automatic identification technologies (e.g. Radio-Frequency Identification (RFID) and Bluetooth) and cloud based platforms [2] . Unorganized facts need to be processed and streamed to get access to different types of data. Big data analytics is applied to process and organize gathered data to structure them to a given context. Therefore, big data analytics is mentioned as the utilization of understanding. Existing data need to be converted into value adding information. Figure 1 indicates the concept in a descriptive way. Unstructured data is streamed in real-time and important information are collected to proceed them for improvements in operations, to increase efficiency, grow sales and empower new business models [2] . Big data consists of different dimensions of data. Two more definitions of Big data are provided to introduce those dimensions.
"Big data is high-volume, high-velocity and highvariety information assets that demand cost-effective, innovative forms of information processing for enhanced insight and decision making" [4] . "Big Data is a phenomenon defined by the rapid acceleration in the expanding volume of high velocity, complex, and diverse types of data. Big Data is often defined along three dimensions -volume, velocity, and variety" [5] .
B. Big Data and Supply Chain Management
The concept and the study of big data and supply chain management has been the focus of the research community for number of years. However, while the use and adoption of big data practices has been in diverse areas of retails, technology, finance, and production; other researchers have more recently started to apply the practices of big data in the wider context of supply chain management [6, 7, 8] .Thus, it has now become very important for supply chain managers to be able to evaluate the importance and relevance of big data practices to further enhance and improve upon the performance and efficiency of the organisation. It has shown in various research studies that the data provided through the practices of big data analytics allows managers to maximise different business activities including productivity, collaboration, visibility which allows the communication and relationships within all supply chain entities. Several benefits of Big Data and predictive analytics on supply chain performance have been identified [9, 10] .
In recent research studies, many of the researchers have reviewed the literature on big data and while these studies have been able to provide insight into the field through structured reviews and classification into future research themes, apart from [10] there was no additional analyses such as bibliometric and network analyses that could help in identifying the established and emerging areas of research. Hence, the most recent studies present the use of bibliographic and network analyses, but focused on either internet of things (IoT) applications or concepts, trends and challenges of big data, rather than upon supply chain management application. Hence, this research paper we aim to address the use of the big data and supply chain management within sustainable manufacturing environments.
Research has suggested a wide use in businesses and marketing through social media and network applications data in the form of big data. There have been various research studies that focusses towards the use of data and analytical capabilities towards supply chain management practices through the focus on application and the impact of more traditional sources and forms of data to more advanced analytical techniques and tools to facilitate the planning and delivery of supply chain activities. Other studies recommend towards the use of these practices on wider interaction of supply chain management [10] . Similarly, earlier research also has presented the impact of big data on manufacturing systems and had identified that big data applications are crucial towards the data modelling, storage and the analytics within advanced manufacturing applications [11] . Studies by [12] derived that it was crucial to monitor and control the quality of data within the supply chain processes. The research suggested that supply chain professionals are challenged with new forms and types of data allowing them to be able to present and analyse the data in better ways. This further challenged other organisations to adopt and use data analytics applications including that of predictive analysis, data science methods and big data applications to improve and enhance supply chain performance within the structure. As presented earlier within the paper, the research of big data and social media have not been explored in detail in the context of supply chain management. Studies proposed analytical frameworks through which supply chain tweets could be analysed and hence the use of twitter function within the context of supply chain could be explored [10] .
There has been number of research arguments presented that suggests that competition no longer exists within intrafirms or external to the organisation only, but between the entirety of the supply chain due to increased pressures upon organisations to deliver the products and services within the market place. Hence, due to this changing demand within the markets, managers and supply chain operators have to identify and adopt new practices towards their competitive edge and be able to evaluate their strategies within the supply chain more effectively. This was not effectively achievable previously, however due to the technological advancements and that of different data management tools, it allows firms to operate and compete in a very demanding and competitive market. Supply chain professionals are using these advanced tools and methods through data management practices to gain more exposure and advantage through supporting different supply chain functions such as inventory management and control, production performance measurements, and further improvements within the overall supply chain. Because of this changing demand and shift within the markets, many of the firms are now challenged with vast amounts of data and are using advanced data management tools to gain competitive advantages. Similar research presented that many of these firms are now changing the way business functions are carried out to achieve throughput and performance through the concept of big data applications. Research studies suggested that due to the vast popularity and adoption of data management practices many of the key performance measures and differentiation will rely on that of the company's usage of big data tools within the market place [10] .
C. Sustainable Manufacturing
Sustainable manufacturing combines the needs of sustainability and manufacturing, which are outlined in its constituent parts, before introducing the concepts of worldclass manufacturing (WCM) and world-class sustainable manufacturing (WCSM). Moreover, key enablers of sustainable manufacturing are going to be explored within this paper. Supply chains describe the process of producing any kind of product beginning with the raw materials to the end customer. The manufacturer is a part of a supply chain and is responsible for adding value to the product with processes or services. Within the supply chain the manufacturer is linked to a supplier of semi-finished goods or even raw material supplier via inbound logistics and on the other side with a retailer or the customer itself to deliver finished goods via outbound logistics. This literature review focusses on the manufacturing aspect of a supply chain through the key linkage of the aspect with big data application as shown later within the paper.
Literature links sustainability and manufacturing by explaining WCM first before deriving WCSM. WCM is separated from conventional manufacturing. It clarifies the important aspects of WCM as supplier relationship, lean operations, total quality, total productive maintenance, employee involvements and group technologies [13] . Additionally, it mentions work force management, processflow management, top management commitment, supplier relationship, work attitudes, feedback, customer relationship, statistical control and product design process as components of WCM [14] . Based on WCM, WCSM can be derived. "Sustainable manufacturing involves green product design, green procurement, green technology and green production" [15] . A validated WCSM framework is provided to "define a model for adoption by sustainable manufacturing enterprises" as well as to test the impact of manufacturing systems to social, environmental and economic performance [16] . So, WCSM is willing to combine superior business performance while satisfying the needs of SM at the same time. SM is also defined as decreasing negative impacts to the environment by manufacturing processes that conserve energy as well as resources. In addition, manufacturing need to fulfil the need of safety for both the commodities and consumers [17] . In order to realize SM specific key enablers like accountability, ethnic background, technology and educations have to be identified. Hence, if a company is willing to implement SM, it is very important to focus on those aspects [18] . Furthermore, a framework of nine different key enablers for SM are discovered: business models; international issues; performance measurements; reconfigurable manufacturing systems; innovative products; manufacturing strategies; reconfigurable manufacturing systems; contemporary issues; flexible organisation management and manufacturing strategies [19] . Another paper concentrates on SM from an economic point of view to give advises how to implement and measure sustainable aspects within an enterprise and to remain competitiveness at the same time [20] . Moreover, the authors have expanded their approach to a general index that is capable to measure sustainable developments of social, environmental and economic aspects within companies [20] .
D. Big Data Applications in Sustainable Manufacturing
After the key aspects of the research area have been clarified; Big Data Applications (BDA) and Sustainable Manufacturing (SM) can be linked. Important aspects have been identified as the utilization of BDA in manufacturing, BDA in manufacturing processes, logistics and supplier integration with an intelligent inventory control and materials sourcing, decision making processes and forecasting of demand as well as sustainable aspects of BDA.
Practical aspects of implementation of BD are provided [21] . They provide a literature review of SM and Industry 4.0 as part of the Internet of Things (IoT), which is closely related to BD and is a kind of a basic requirement for the application of BD. They are presenting a cross-linked smart network to raise data from processes and information, which automatically enables opportunities to apply sustainability to the process of value adding in both micro and macro perspective. The macro perspective describes the whole supply chain and the products within its product life cycle. On the contrary, the micro perspective concentrates on the manufacturer as one participant of a supply chain linked to other players. Hence, the macro perspective will be explained first, before considering the micro perspective in depth, which is related to the implementation of a manufacturer within a supply chain [21] . Industry 4.0 is determined by three different dimensions. Beginning with the horizontal integration, which stands for linking internal processes of a company as well as connections between different companies across the entire value creation network. Connecting different value chains is important to get a full understanding of processes whether they are internal or external related to the product. The end-to-end engineering is the second dimension. Across the "entire product life cycle, it describes the intelligent cross-linking and digitalization of value creation modules throughout all phases of a product life cycle: from raw material acquisition to manufacturing system, product use, and the product end of life" [21] . The third dimension describes the vertical integration between different hierarchical levels of value creation.
E. Big Data Application and Manufacturing Process
As seen through research studies, Industry 4.0 is a basic requirement of BDA in manufacturing processes. The micro perspective is about cross-linking all processes, machines, and divisions within the company to monitor the product quality in real-time. The value creation modules are linked via the cloud gathering all data, which are created by sensors, measuring tools or process parameter [21] . "Future manufacturing systems will need to process large amounts of complex data which are provided to workers for maintaining the proper function and desired production performance due to a rising demand on visibility and vertical integration of factory floor devices with higher level systems." [22] . Data could be internal, external or third party external data [1] . However, a company should always try to understand and evaluate the internal data first, before concentrating on external data [11] . The utilization of big data applications in predictive manufacturing is investigated [22] . As a result, the existing bottlenecks within the manufacturing process or the demand itself have to be streamlined by improving forecasting opportunities. Big data has to be fully understood in both storage and analysing the data. For instance, an analytical model has been provided to "predict power consumption in manufacturing processes" [11, 23] .
In addition, it is worked out on different aspects that influence the supply chain as 'game changers': big data applications, additive manufacturing and borderless supply chains are mentioned in this context [24] . They illustrate the increase of data by giving an example of the exponential increase of data creation mentioning that 90% of data ever generated by mankind was created within the past two years. Concluding, companies have to be prepared to implement big data in their supply chains, otherwise they run the risk to lose market share or be even eliminated from the market. As a conclusion three aspects have to be mastered: the right players need to possess the right roles in correlation with the right relationships. For manufacturing companies, it is very important to define when and how to implement big data applications [24] . A framework of a new way to generate competitive advantage based on big data has been proposed [25] . The big data strategy should combine the purposes of big data as well as servitization, which is described as creation of value by adding services to a specific product [26] . Therefore, the point of 'information' is added to both conventional aspects of servitisiation 'product' and 'service'. In this article big data is defined by 5V's; however, four of them are just called "technical challenges" [25] , which lead to a contradiction to the definitions of big data earlier within the paper. The definitions and the approaches based on those consider the different dimensions of big data as equally entitled without ranking them. 
III. STUDY LIMITATIONS AND RECOMMENDATIONS
The paper identifies research gaps of all reviewed literature and aims to summarise the common gaps for further research. Real-time analytics related to social media and mobile apps are becoming an important research area were identified [27] . In addition, further research need to be done to develop advanced data storage and data processing technologies as well as advanced solution for data acquisition and data visualization [11] . It is also concluded that more approaches have to be figured out to adjust supply chains for implementing big data and further research needs to focus on the development theories to handle data in cross functional ways [7] . Moreover, research in issues of management and operations are lacking and require further exploration.
The future focus on using Big Data in advanced manufacturing technology should be redefined by further research, because big data could address more matters and problems than expected [8] . Capabilities of big data applications in world-class sustainable manufacturing need to be explored. Hence, new innovations can be made based on implementation of big data applications in world-class sustainable manufacturing. Additionally, the research on aspects like complexity of a product or the capacity that could be integrated by organisations need to be expanded by other researchers. Another important aspect provided identifies the need of a deeper understanding of how the world-class sustainable manufacturing framework is impacted by national and global cultures and future research needs to answer this [16] .
It is argued that less information about concrete solutions to practitioners to apply BDA is available [25] . More research needs to be done to suggest practical ways of how to handle such volumes of data efficiently in a dynamic manner. Based on the described gaps of the several articles a common gap can be identified. Even though sustainable manufacturing and big data applications are linked to the environmental aspects of sustainability, it is evident that further research need to be undertaken to consider social and economic aspects of sustainability in sustainable manufacturing linked to big data applications. Furthermore, big data applications is still identified as one of the most important aspects in manufacturing with regard to competitive advantage. Hence, it is important to investigate and develop more approaches to apply the following theories to commercial practices.
Future work investigating the following impact is needed, and highly valuable and informative for holistically understanding the overall nature of the contemporary firm and its place in both its competitive market and larger global context. The authors note that the theoretical areas discussed within this paper are not exclusive or exhaustive, and future research within this area can inspire connections to additional extant and relevant theoretical research streams. The discussed theory streams, with their focus on different areas of the firm, suggest that mixed-methods research would be highly beneficial and possibly necessary, in developing the well-rounded picture between big data and predictive analytics and sustainable SCM outcomes. The highlighted theoretical areas provide a solid foundation for scholars seeking to develop novel theories and broaden research linking these two critical strategic areas in supply chain management. Such work would additionally inform practitioners in examining organizational characteristics and their impact upon big data and predictive analytics and supply chain management sustainability and the relationship between these areas. As big data and predictive analytics is acknowledged as a competitive necessity in the supply chain, future research of its impact upon all firm performance outcomes is highly valuable and will wisely guide scholarly research of sustainable supply chain management for the conceivable future [12] .
IV. CONCLUSION
The aim of this paper is to provide a wider understanding of big data in sustainable manufacturing and to identify common gaps for further research. The concept of big data has been identified as a technology concept, which uses big data applications to convert unstructured data into knowledge to enable competitive advantage and therefore to increase revenues. Literature agrees in big data having huge potential for a revolutionizing impact on management structures and forecasting methods.
Sustainable manufacturing satisfies the needs of a sustainable development and world-class manufacturing (WCM). The focus of this paper is set to the manufacturer within a supply chain. Hence, the micro perspective has been mentioned as most important to present a template of a smart factory and how to structure manufacturing based on big data applications. Big Data Applications help to streamline existing bottlenecks and to monitor product quality in realtime, which lead to an increase in efficiency within manufacturing processes. The principle of servitization is introduced to offer manufacturer opportunities to generate revenues that are not directly linked to new product developments. Logistics and suppliers are directly linked to the cloud to get access to the information flow. Hence, suppliers are able to react instantly on fluctuations in demand. Moreover, it has been worked out that the internal logistics can stream the inbound and outbound deliveries in real-time as well.
However, the implementation of Big Data Application in Sustainable manufacturing is challenging and the potential to revolutionize manufacturing and the impact on decision making processes, increasing profitability and efficiency is massive. Literature identifies smarter decision making and forecasting methods enabled by BDA as the most important aspect in manufacturing. Finally, the management board needs to have access to all important data related to processes and the company itself. The maturity of big data analytics investigating gathered data defines the competitive advantage the company is able to gain. Hence, it is necessary for the management to implement big data applications within sustainable manufacturing to satisfy customer needs in future and to ensure long-term sustainable development. As pointed out earlier within our research study, better approaches are required to be identified by further research to apply theoretical models to practice to enable the full potential of big data applications within the manufacturing SMEs.
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